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CHAPTER 1: SYNTHESIS OF 2,3-DISUBSTITUTED INDOLES USING 
MICROWAVE ASSISTED CONDITIONS   Indoles have many pharmaceutical and medical applications.  Indoles are part of many natural products including dragamacidin D (1) and 6‐substituted 3‐(indol‐2‐yl) quinolinones (2).  Dragamacidin D is a potent inhibitor of serine/threonine protein phosphatases.1 Recently, 6‐substituted 3‐(indol‐2‐yl) quinolinones have been used as 
inhibitors of Chek 1 that promotes the killing of cancer cells while leaving the healthy cells unharmed.2 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 13              14  R = 2,6‐Me2C6H3CH2  7 
         
          15              6 RESULTS AND DISCUSSION    Our synthesis began by reducing 2‐aminobenzophenone with sodium borohydride to produce alcohol 17 in 85% yield.  Compound 17 was then treated with triphenylphosphine hydrobromide to produce the phosphonium salt 18 in 80% yield.  
Scheme 5 
                    




















































  18                   19     A variety of heterocyclic aldehydes were used including furans, thiophenes, pyridines, pyrroles, and indoles.  Table 1 shows the results for this reaction with different heterocyclic aldehydes.  The reaction was successful with base sensitive indoles, acid sensitive pyridines, and with furans with acidic hydrogens.  We have found an efficient, fast and useful way to produce indoles containing heterocycles that can be studied for their biological activity.  Future work may include the total synthesis of other indole containing compounds or the use of leaving groups other than triphenyl phosphine. 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1) 8M NaOH (4.30 eq) 0oC
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22   While low levels of cross‐linking between the bisanhydride and the cornstarch did lead to a decrease in the pasting temperature, several difficulties are present in the process.       The bisanhydride compound has a dark color, pungent odor and sticky texture.  It was poorly soluble in water and it was difficult to react with the cornstarch in a slurry.  Also, the modified cornstarch while having a light yellow color also has a pungent odor, which poses an obstacle for its use in food and nonfood applications.  Despite these difficulties, the fact that cross‐linking occurred between the 2,2'‐dithiodisuccinic anhydride and the normal corn starch, may one day lead to other commercially relevant cross‐linked starches using this bisanhydride or other biobased linkers.   Future work may include replacing the sulfur groups with oxygens or methylene groups to reduce the odor issue.    EXPERIMENTAL SECTION General. All 1H and 13C spectra were recorded at 400 MHz unless otherwise noted.  All melting points are uncorrected.  Unless otherwise noted, reactions were carried out under argon.  Microwave reactions were conducted in a capped vial using a CEM Discovery system.  Thin‐layer chromatography was performed using commercially prepared 60‐mesh silica gel plates (Whatman K6F), and visualization was effected using short wavelength UV light (254 nm). High‐resolution mass spectra were recorded on a Kratos MS50TC double focusing magnetic sector mass spectrometer using EI at 70 eV. All  
23 reagents were used directly as obtained commercially unless otherwise noted. All yields reported represent an average of at least two independent runs.   Procedure 
Synthesis of 2,2’­dithiodisuccinic acid  Eight molar sodium hydroxide (392 mmol) was placed in a flask and 180 mmol of mercaptosuccinic acid was added slowly at 0 0C.  Thirty percent hydrogen peroxide was added at 0 0C and the solution was warmed to room temperature and stirred for two hours.  After checking for the completion of the reaction using thin‐layer chromatography, the solution was acidified to a pH of 1 with 20 % sulfuric acid.  The solution was extracted three times with ether and the organic layer was washed two times with brine.  The solution was checked for peroxides with starch iodine paper  before being dried over magnesium sulfate and concentrated in vacuo.      
Synthesis of 2,2'­dithiodisuccinic anhydride Eighteen equivalents of acetic acid (54.12 mmol, 5.12 mL) were added to the tetra acid disulfide (3 mmol, 0.8970g) made previously.  The mixture was stirred at 60 
0C for three hours.  Upon cooling to room temperature, the stirbar was removed and the solution was placed in a Kuegelrohr set at 120‐150 0C until a black solid was left in the reaction flask.  The solution was triturated with ether until the ether layer was clear.  The product was obtained by concentration in vacuo.    
24 
2,2'­dithiodisuccinic acid   Product is a white solid (22.714 g, 84% yield).  1H NMR (300 MHz, DMSO‐d6): 3.82‐3.73 (m, 2H), 2.88‐2.68 (m, 4H).    
2,2'­dithiodisuccinic anhydride   Product is a red/brown oil (549.4 mg, 58% yield). 1H NMR (300 MHz,CDCl3): 4.28‐4.15 (m, 2H), 3.78‐3.70 (dd, J = 9 Hz, 15 Hz, 1H). HRMS electrospray (m/z) Calculated for C8H6O6S2, 261.9606; found, 261.9609.   
 
Preparation of bisanhydride modified normal cornstarch   Normal cornstarch (30g, dry starch base) was suspended with distilled water (54 mL), and the pH of the suspension was adjusted to 8.5 with 3% (w/v) NaOH. The temperature of the suspension was maintained at 37º using a water bath. Bisanhydride (0.377 g) was added slowly and the reaction was carried out for 1 hour while maintained the pH. After the reaction was completed, the suspension was neutralized with HCl (0.5 N). The resultant starch suspension was vacuum‐filtered through filter paper and washed three times with distilled water and once with absolutely ethanol to remove the residual reagents. The recovered starch was then dried in an oven at 37º for 3 hours.  The pasting properties of the normal cornstarch and the bisanhydride‐modified starch were analyzed using a Rapid ViscoAnalyzer. 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